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ABSTRACT

Background and Objectives : Congenital long QT syndrome (LQTS) is a genetic disease that brings prolon-
gation of the QT interval on an electrocardiogram and leads to syncope and sudden death by a fatal ventricu-
lar arrhythmia. In Korea, there have been studies about the clinical characteristics and treatment of LQTS,
but there are no studies for the molecular and biological evaluation of its genetic mutation. Subjects and Me-
thods : Six nationwide university hospitals and laboratories segregated DNA from the blood of 10 patientsdiag-
nosed with LQTS to analyze the genetic mutation. Results : Nine out of ten individuals were female. Eight
showed genetic mutations. Three had an abnormality in the KvLQT1, 6 in the HERG and 2 had abnormalities
in both KvLQT1 and HERG. None had abnormalities in KCNE1 and 2 showed no abnormalities in KvLQT1I,
HERG or KCNE1. Conclusion : Congenital LQTS shows various genetic mutations, and this indicates the ne-
cessity for further organized study in more individuals for confirmation of the relationship between the results
of clinical diagnosis and genetic analysis. (Korean Circulation J 2004;34(8):813-819)
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o oAb el el e Sel 2 vehhs
A9l A7k ek delA ekl ol &
Azetel) EAsks AT1§3 FEAIE o)
ol ATk oelA glon, 53] Ak
Keating 15l J3) QT &% ¥
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Biiel 7150 B9 47

A= 670 tighgeeld QT A% SFwo= 4l
B F fAA AT BT 3192 B9} 7
Fole AHsto] FEAZ F, 5 WE Al A
chsha olsjelel stetaast Aetstetest YRt
ABAR 5510 DNAZ Helalln, ol W we
Stk o]  1092] s} 1892] 715 Helel ] DNA
ek 7bssigon 108 84 4048 Lasksln

ah

HATER] ST QT AY 5200 | 24M

A7 4] LQTSE] kw4l 574419
42} Wo] FolM, 18 (KvLQTLD), 28 (HERG), 5%
(KCNED) of] thgt fdzke] 94715 ZAlste] $ake]
AAF 4719k ko 2 Eelwo)rh WA FE-S )

s

SRR} 7159 REAL 24
MZo] FH %= 2] genomic DNAS Hejaia A4
319937, PCR (polymerase chain reaction) W-$-© % 717}

AN exons FEl8t The 241S 53l Hol&

1o
o

AR ob] ghlela= A F-A) 2= o]
A 7] whirell #AlelM LQTS A2 exons &
Z3 L F7IMLE s vs| Ak 29 o wEESE
o] S=3al9iet. Wo7} WAE™ Keating 71587 0] X113k
71z} 2] Hlo[E] Alolol] of fAMY Bi= 2Jo]7} Q1A
15T g2 HlolEjrke 2= sliqle] Bol&Ql
o|RIA| 2] oJF-F RIS = GISI7] wiiiel] 7Rl 6872
thdow Ak A8 AlRsSic KvLQT1# KCNEL
2 Keating “IE¥} nlwsle] 210171 9I%la HERG #-4
Apoll 2712] Wo](C1605T, A1758G) 7} EF T2 w0
sh=Rlel] So]’] Wol= FRlallar dxte] -4 &
o W2lo 7 Hlwslgich 2] fRAESE 53 pri-
merS-< Keating 150] AW A3} s A
3. 0H (Table 1) oll thA] deato] Qokslgith

TR 24

Taq DNA polymerase?} dNTP & PCR Wk #&d
A% 2 DNA cleaning kit ¢lAA 1A~ (Korea), Ta-
kara(Japan) 5225 T13I2th Reverse transc-
ription kit Takara(Japan) 2} QIAGEN (Germany)
o] AFS ARSI S ™ 100bp ladder, plasmid isola-
tion kit, pGemT—easy vector Promega(USA) o]
A 5199tk PCR primers (57) Hlo] @Yo} Korea)
o ojFate} AZ3kAaL DNAS) 971MLe (F)mk=
EA(Korea) ol 2J=|ste] A7J3813]ct.

Yol 2wl A o 200 uld AP o] 2HEH
genomic DNAE F&319it). Qokshd g9 200 uLE
hemolysis buffer (155 mM NH,Cl, 10 mM KHCOs,
0.1 mM EDTA) ¢} 2 4o] §Ee-A17] s 10% SDS
{93} proteinase K(10 mg/mL) S A g}ato] 37Cell
4] 15~18A17F WE&AJHTE Phenol® chloroform 0.2
23] 7PEA F=3 ol 1/10912] 3M sodium acetate
(pH 5.2) 9} 2819] ethanolS %718t AAd 225
= DNA 71ehs UAF o2 53 fajutd® 4]
Stk A4 DNAE Egeel %<9 v UV spectro-
photometer& ARE3t] 25 S48 A
7}A 4o R&eITE DNAS 5%+ 1.0% agarose
gel& AHE-3sto] 17195 ¢ & DNA band®] A EE
S9to Z A3 genomic DNA 2] quality (genomic DNA
o 7] = k) & RIS

oo A H2]3F genomic DNAE FE O 7 &1, &
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T 74 exons SHAY F U= primers= ©1F
3l PCR ¥k WH-949] 22232 template DNA 10
1L (25~50 ng), 10X PCR HFS- buffer 5 uL (750 mM
Tris—Cl, 150 mM Ammonium Sulfate, BSA 1 mg/
ml, 25 mM MgCly, pH 9.0), dNTP 2.5 uL(dATP,
dCTP, dGTP, TTP 22} 25 mM), Taq DNA polyme-

Table 1. Primers for extract the exon in genomic DNA
A. KvLQT1

. size ATINe-

Exon Sense/antisense o) o(hg)g

1 CTCGCCITCGCTIGCAGCTC 334 45
GCGCGGGTCTAGGCTCACC

1-1 CGCCGCGCCCCCAGTIGC 224 47
CAGAGCTCCCCCACACCAG

2 ATGGGCAGAGGCCGIGAIGCTIG 165 42
ATCCAGCCATGCCCTCAGATGC

3 GITICAAACAGGTIGCAGGGTCTIGA 256 42
CTICCTGGTCTGGAAACCTIGG

4 CICTICCCTIGGGGCCCIGGC 170 42
TGCGGGGGAGCTIGTGGCACAG

5 TCAGCCCCACACCATCTCCTIC 154 45
CTGGGCCCCTACCCTAACCC

6 TCCTIGGAGCCCGACACTGIGIGT 238 55
TGTCCTGCCCACTCCTCAGCCT

7 TGGCIGACCACTGTICCCICT 195 42
CCCCAGGACCCCAGCTGTICCAA

8 GCIGGCAGTGGCCIGIGTGGA 191 42
AACAGTGACCAAAATGACAGTGAC

9  TGGCTICAGCAGGTIGACAGC 185 42
TGGTGGCAGGTGGGCTACT

10 GCCIGGCAGACGATGTCCA 216 47
CAACTGCCTGAGAGGTICT

11 CIGTCCCCACACTIICTCCT 195 47
TGAGCTCCAGTCCCCTICCAG

12 TGGCCACTCACAATCTCCT 222 45
GCCTTGACACCCTCCACTA

13 GGCACAGGGAGGAGAAGTG 216 45
CGGCACCGCTGATCATGCA

14 CCAGGGCCAGGIGIGACTG 19 45
TGGGCCCAGAGTAACTGACA

15 GGCCCIGATTTGGGTGTITTA 135 47
GGACGCTAACCAGAACCAC

16 CACCACTGACTCTCTCGICT 297 47
CCATCCCCCAGCCCCATC

Table 1. Continued

B. HERG

Exon

Sense/antisense

Size
(bp)

Anne-
Aling
(CT)

11-1

12

GGGCCACCCGAAGCCTAGT
CCGTICCCCICGCCAAAGC
CCGCCCATIGGGCTCAGG
TTIGACCCCGCCCCIGGTICGT
GGICCCGICACGCGCACTCT
TTIGACCCCGCCCCIGGTICGT
GGGCTATGTCCTCCCACTCT
AGCCTGCCCTAAAGCAAGTACA
CTICCGGGGCTGCTICGGGAT
CACCAGCGCACGCCGCTICCT
GCCATGGACAACCACGTGGCA
CCCAGAATGCAGCAAGCCTG
GGCCTGACCACGCTGCCICT
CCCTCTCCAAGCTCCTCCAA
CAGAGATGTCATCGCTCCTG
CAGGCGTAGCCACACTCGGTAG
TICCTGCTGAAGGAGACGGAAG
TACACCACCTGCCICCTTIGCTGA
TGCCCCATCAACGGAATCTGC
GAAGTAGAGCGCCGTCACATAC
GCCTIGGGCGGCCCCTICCATCAA
AGTTTCCTCCAACTIGGGTTC
GCAGAGGCIGACGGCCCCA
ACTIGTTTGCTGTGCCAAGAG
ATGGTGGAGTGGAGTIGIGGGTT
AGAAGGCTCGCACCTCTIGAG
GAGAGGIGCCTGCTGCCTGC
ACAGCTGGAAGCAGGAGGATG
GGGCCCTGATACTGATITIG
GCCCIGTGAAGTCCAAAAAGC
CCCTGATACTGATITIGGTT
CACCCCGCCITICCAGCTCC
TGAGGCCCATICTCTGITICC
GTAGACGCACCACCGCTIGCCA
CTICACCCAGCTCIGCICTICTG
CACCAGGACCTGGACCAGACT
GIGGAGGCIGTCACTGGIGT
GAGGAAGCAGGGCTGGAGCTT
TGCCCATGCTCTGTGTGTATIG
CGGCCCAGCAGCGCCTIGATC

298

162

312

213

284

339

293

295

296

333

210

321

390

307

372

193

358

273

258

232

47

52

52

52

47

47

47

47

55

52

47

52

47

47

47

42

52

47

47

47

815



Table 1. Continued

Table 2. Clinical characteristics of the patients

C. KCNE1 No. Sex Age QT TdP Talt Tnotch LHR Deafness

Size ANNE- 1T F 19 480 Y Y Y N

Exon Sense/antisense aling
(bp) ) 2 F 28 640 Y - Y Y N
3 F 45 640 Y Y Y Y N

3 CIGCAGCAGTIGGAACCTTAATG 264 55
GTICGAGTGCICCAGCTICTIG 4 P S0 My e o Y N
- 031 5 5 F 40 560 - - - - N
GGGCATCATGCTGAGCTACAT 6 F 48 780 Y Y v v N
TITAGCCAGTGGTIGGGGTICA 7 F 6l 690 - - Y Y N
3—2 GTICAGCAGGGTIGGCAACAT 281 55 8 F 22 50 - - _ _ N
GCCAGATGGTTITCAACGACA 9 M 5 40 - - _ _ N
10 F 22 520 Y - Y - N

rase 1.25 uL (2.5 units), 55 26.25 ul, sense %
antisense primerE 217} 2.5 #L(100 pmoles)? 4]
o] 24 §& F 50 ul A sk 9k 272 pre—
denaturations 94 CellA 5+, denaturations 94 Cell
] 15~30%, annealing= 42~52C14 30~120%, ex-
tension< 72Tl 15~30%, post—extension= 72C
o|A] 587+ AAJEI8ITE Pre—denaturation®} post—ex-
tensions A28 YH=] WEE-2 B5F 35~403] 2AA[s)
Atk PCR REE-E HA2]7&(glass beads) & ©]
g3to] Al AF 57 200 ng/ul oV HEF
2% 7 AesAE o83l drIAEs A%sIsit

2 0

INLA
o=

O 2= 1002 W= 1], ofxk= 9el3ith
A= 5AleIA 68AI5 0 Hefellx] QTe 14>
480 msec oPFo® AREe] llom AHEA Tor-
sade de Pointes7} &R1% ol 61, &8t T alter-
nans”’} 21 o= 3¢, notched T 64, HAal2
Aeflell A QI om Wy 52 AvAEE Aol ¢l
StH(Table 2). AA7F LQTS Zek7|Eel ddsislch

Am
oz

A &Y

LQTS 13<! KvLQT1el oS B3l A= Ak
107 % 3%elsitk 714 6701HC] Guanine(G) &
717} eytosine (C) 712 Wkl ool A= o)At Glu-
tamic acid(Glu) 7} Glutamine (Gln) © &, 722%12] Thy-
mine (T) 9717} C 4712 W3l oA Leucine
(Lew)©] Phenylalanine (Phe) 22, 1022 C 717}

816

No.: patient number, QT: QT interval, TdP: documented
torsade de pointes, T alt: T alterans, T notch: notched T
wave, LHR: low heart rate, F: female, M: male

LQTS 232l HERGE 4} 107 5 6'gellA o
2A& Bylon 11719 §17] wisrh #Eqlct 7]
XY 146392 A7} GE WHkEWA Aspartic acid
(Asp) 7} Glycine (Gly) 2.2 ®Wo]=|$l, 1486" A 4
717} G2 W3k=HA] Threonine (Thr) ©] Alanine (Ala)
= #HgElon, 1502% AQ717 G2 HEkEdA As
paragine (Asn) ©] Serine(Ser) & Wag| i} 3t
15479 T 9717} A= WgkE]HA Phenylalanine (Phe)
o] Tyrosine (Tyr) 2, 1607¥ G717} TE W%y
WA Glycine (Gly) ©] Valine (Val) 22, 16083} 1609
A7relell= G 9717F A= o, 16249 CR7I=
G= A=A Leucine (Leu) ©] Valine (Val) &
SHE|QITh 195291 AQ717F TR Wghe oflelxl= As-
paragine (Asn) ©] Isoleucine (Ile) & W=} 3, 1978
H A77F T2 Wgke oeA= Lysine (Lys)©] A
/3 FHEIACE 2008 GR717F AR WEkE of|o =
Glycine (Gly) ©] Serine (Ser) .2 H3lw i}

10 F 242 LQTS13¥} 289 fraxela 4
off o] & Ko, PFAORE LQTSS X4
o dlgsht FaAe] Asrt Qe A% Hay
t}. LQTS? 53¢ KCNE1 FAxfoM = ot A4
wAs 4= ¢tk LQTS 33 (SCN5A) 3 43 (Mink)
o] FAxR= & AellA Ak EokcH(Table 3).

=

o ¥ o

Korean Circulation J 2004;34(8):813-819



Table 3. Genetic characteristics of the patients

Type ll
(HERG)
A1463G
(Asp-Gly)
A1502G
(Asn-Ser)
A1978T
(Lys-Stop)
G2008A
(Gly-Ser)
G1607T
(Gly-val)
INnsG1608-
1609
C1624G
(Leu-Val)
C1624G
(Leu-Vval)
A1486G
(Thr-Ala)
4 F - - -
s . 1722C _ B

(Leu-Phe)
C1624G
é F (Leu-val)
7 F - - -
G670C T1547A
(Glu-GIn) (Phe-Tyr)
A1141G
(Thr-Ala)
9 M - - -
A1952T
(Asn-lle)
No.: patient number, F: female, M: male, Ala: alanine,
Asp: aspartic acid, Asn: asparagine, Gly: glycine, Glu:
glutamic acid, GIn: glutamine, lle: isoleucine, Lys: lysine,
Leu: leucine, Phe: phenylalanine, Ser: serine, Thr: threo-
nine, Val: valine, Tyr: tyrosine, A: adenine, T: thymine, C:
cytosine, G: guanine

Type V
(KCNE1)

Type 1
(KVLQT1)

c10221
(Ala-val)

No. Sex

1 F

10 F -

4 =

HAY LQTSE Wnd 5918 ARew zoht 4
< Z3RlelA Tk 714 Al Eo] glo] Aol FAF &
o) Wl & Sk op 27 el oA

= O] Qq %\_q_@ 5)10)13)14) LQTSE ﬂ'

P
1o
%

G T BT F oW e AN Fow AR
Q) ¥Rz A9 Iek!Y olejsk thkd whel LQTS
o] 1] 7)0] Ao} o el Wlo] g}
£ A9l e ofelgol Wk

AR LQTSY] el PALESA AT =

3l Keating 1874l 93] Ag AEHoH 1 F

= E%% ATE] o A LQTSE 54 34}
o2 AdrgdsiAl Hdth Zevh PFAoR A LQTS
{LEJ Aol [} Hol= oF 30~50% % B

T BT B Aol E ez LQTS
kel 20071 v & AlgkE A7) SR Wolrt

AR A okl
A LQTSE Y8 oz Wi o f5o Wl Ro-

mano—Ward %77 Jevell-Lange—Nielsen &3

ToR wPrn] ¥ RS FAbEe] at St
olo| w2} 7714 Hel B-Hekck Splawski 57 9] AT
o 9Jabd 18 (KvLQT1 &2 KCNQ1) o] A o]

42%, 28 (HERG 3-& KCNH2)2 45%, 33 (SCN5A)

& 8%, 53 (KCNED) & 3%, 63 (KCNE2) & 29%9]

X5 wolthasie] 183} 280] 87%2 AA|SI3AT) &

3 Schwartz 57& 1382 55%, 28 35% 18]

382 10%=Z 187} 280] 90%5 AA|3cta &9tk

T 2 AeaE 188 399(30%) A 28-S 69
(60%) ellA Wol7t glglem 2efoM= 137 280] &

Aof] A5k} Splawski 52 9] Ate] Awfsl ww

&) 29 KvLQT19] 10229 C 9717F T 9712 ks

o7} 2 Aol FAS Wol F-91913, HERGE] 1951 -
1952 2R1E-917F B AFellA= 195241 A 717} T

A71Z | 7] AT ATl & AFALel
R Aol £ A7} B Aol vl3) nlud 22

off srelr] FE8 Axz AAE - w2 ool o
TE Zldsl|Eolop & Zlojk 192] AAIAHKVLQTL

& KCNQD) = 11pl5.5¢] EA6h ZEMA]E o] &
Aol oS zefatm Y 28] FHAHERG &
KCNH2) = 7q35—3601 EA8h 132} o] ZEAS
oleAlde] oPde Pt 339 HaAHSCNSA)
= 3p2lell EAIEH AtlF ol iH”Oﬂ o 7
0?29 48 9] §AAH ankyrin—B 22 ankyrin 2) =
4q25-27°] $IX|ab o] A= Ave] gl Al

2 oA h? 589 G- HminK 2 KCNE1)
£ 21922.1-22.2¢1 YX3}aL FEAE o] e o]

S Zae, P 630) fAAHMIRP1 2-& KCNE2)

£ 21q22.19 YX8F FERAZ o] Ade| o)

Zah % 789 GHAHKCNIZ) = 17¢23.1-24.2

of XSkl EEMA R o] Aol oS s A

o Spel e
2 a7 g

= 3, Agdieta = eE F
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>

a 7Vst ofe] Mo wE QHow wae &
AEE morE aha, B4, o|wHE LQTS fHxh

= Ralalo] Holel shasky, A, olol 7|zt f
A Aol e] gk Wi TR Aws sl
Ped B AR POl MBS SAsks o] A

¥ Do)} Welnlh B4} B AAPY T, ofd

AE aF7E glo] ofeFwol EAlete] % & AlE 5
HoR HE Fshs Aol & A3he] Ay} A7) &
+o] & Aol MEE F3== SA] genomic DNA
= Reid AAeka, PCR W0 247ke) f-217)9
Al exongs Yol gt thE A7IM LGS At
o}g] st=RlollM= A FaA) EelEe] oA 971
uiZe] gatellA LQTS FAAES] exons BF 5%
UL 7N EE SdstAl Ws| st sk w7t
A% Keating 150] B3k 213} $-2] dlo]g] Ao]
o o FAMY Ex= zlo7) QA BRI Shaket
o] o FFE wlolE Aol Zta Q% SISith &
ATellA T Wol7t shele]] SolZQl wio]

] 2l 6

L84

f

R
[o do o Ho

2 o) e AR A
drrow §204 B4 Aalse] wiEeld HER
ZApel] 2712] o] (C1605T, A1758G) 7F wHA= )

W} s wol7k oh L dele] A%
o % T 1B B AT LQTSEA

=4
frRpol S B Boln At AHA

D

e

7} ¥l puies s
o] Qli= HoRIX| = YFsIA] Kl &% o]of st
A2 A EujokEAL 58212 knock out FAF 5ol

b A77F Slefopdt Zlow Yz

AEAo® AN LQTSE &4 o= Ao 5
3] 7S] HEHA b= FAfell= 3wk el of
2ol olo] & o] zhAska Alge A | Sl
A=A WHe] JiEE o] S ES ARk Wl
=0l B A o A7) Al ko] Wolel] whE i
sk AR7F Ao o SAo] HHHA o2 T
off tigh AEHARE Aldsto] oA Asu was A

Algtolok & o,

Ly

BA
=

H Ol

o X =

A LQTSE AAE AR QT 149 9% o
A QAR o A, A 59 A9
818

1999 =+ 671 tishy ellA Feke LQTS 109
gxte] ol AjFslo] DNAS Heslal f-:xpHo =
A8k

1}

1079] 34} 5 oz k= 9o]lom, 8ol fxdx}
o7} glom 3e KvLQT1 Faleld 6'82 HERG
Fdztel] o)Ado] glglom KCNEL k= deoflojla]
ol4to] glglom 2 KvLQT1¥ HERG®] EAo|
olAo] 2llor 29oM= KvLQT1, HERG, 18]l
KCNE1e] o]do] §lSitt.

i3 B

A7 LQTSE 44k jlol7) tjeksto] &% o ©
& oflellA AAARJD At Bash ARk Wolg)
A%73 LQTSS] 17 Aol digt A7 H it

0 ol

M

LQT 0 FF2; HA% B,

2 =5 199949 disked|eks] Aty sl g} skt
At A g3 8k2kx] QAk (2000—-1-210—-00—
001-2) 9] H84 HxZ o]Foiz.
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